In practice, for determining the fastest particles, w e considered a new variable D,(t, A t ) = max(tl,t21 (pi (!,) -?i(t2)I), where to C t1& 5 to + Ar and the subscnpt i is the particle index This approach is similar to the definition used by previous authors (72) and is less sensitive to short-term particle motion. Most results are independent of the cutoff choice Ar*.
Oxygen Isotopes and Emerald Trade Routes Since Antiquity

I
Since Eeggpti:an times, emeralds have played a symbol of etkmity and power"and an artifact of legend (I, 2). Despite numerous studies based on historical records and on gemological characteristics such as color or mineral and fluid inclusions, the origin of most emeralds set in historical treasures remains uncertain or even enigmatic. This is the case for the so-called "old mine" emeralds (I, 3), which were distributed all over the world by Indian traders under the influence of the Bobur Moghul dynasty in the 16th century. It has been claimed that these famous emeralds came from old mines located somewhere in southeast Asia, although all the deposits in middle and far eastem Asia were officially discovered in the 20th century. Here we describe the results of an oxygen isotopic study of nine emeralds that have acquired an historical dimension and that were selected to cover a large period of time, from the GalloRoman epoch to the 18th century. The 180/160 ratio of lattice oxygen in emeralds, added to more classical gemological characteristics, allow us to determine their provenance (4) and to #*O value of the fluid being controlled by [i) the composition of the rocks through which the fluids were channeled (7), (ii) the intensity of the fluid-rock interactions, and (iii) the temperature of the fluid. Because the S1'0 values in each deposit typically span less than 1%0 (8), they are a good fingerprint of the origin of emeralds ( Fig. 1 ). These can be combined with the gemological properties commonly used to characterize emeralds (9) in order to determine the origin of emeralds. Egyptian pharaohs are supposed to have initiated the trade of emeralds by the exploitation of the Cleopatra mines (-1500 B.C.) (2). They traded emeralds to Asia, exchanging them for lapis lazuli from Afghanistan. Later, Habachtal emeralds in Austria, known by the Celts, were exploited by the Romans (I). Thus, on historical grounds, mines located in Egypt and Austria were the only sources of emerald in the world until 1545 A.D., when the Spaniards exploited the Colombian Chivor mines (IO). This view is confínned by the Sl80 value measured for the famous Saint (Fig. 1) . Thus, emeralds were mined or picked up from the Peshawar and Swat valleys. This result is consistent with the independent development of wealthy kingdoms in years B.C., such as Gandhara (grouping the Kabul, Peshawar, and Swat valleys) in what is now Pakistan and Afghanistan (14) . During this period, long-distance trade routes were developing, and part of the Silk Route ran from the northern areas of Pakistan through the Peshawar, Swat, and Kabul valleys (Fig. 2) . Because of their location along the Swat river, which is the natural geographic way of communication between Pakistan and Afghanistan, the emerald deposits of Swat-Mingora could have been discovered and exploited temporarily.
The existence of emeralds of exceptional gem quality in Colombia completely modified world trade of emeralds. The first Colombian emeralds were known in Europe before 1520 A.D. (15, 16) . Soon after, the most important deposits were exploited by the (Fig. 1) . This provenance cannot be located more precisely because emeralds were not registered in the manifest of the galleon, but the Colombian origin is consistent with the observation of fluid inclusions bearing three phases (17, 18) in several of the stones recovered from the wreck.
The Siso values demonstrate that emeralds mined in Colombia were traded throughout Europe and the Middle East and into India. The best examples of such stones are the old mine emeralds, whose origins were previously unknown (I, 3). Three of four such old mine emeralds coming from the treasure of the Nimm of Hyderabab (India) have Siso values demonstrating a Colombian origin (Fig. 1) . These three emeralds come from three different mines, all located in the western emerald zone of Colombia: the Peña Blanca mine OM1361 (13.61 carats; S i 8 0 = 22.3, one analysis). This result contradicts the proposed origin of old mine emeralds from lost mines located in southeast Asia but validates gemological observations by Ward (I). The fourth old mine emerald analyzed (OM 451, 4.51 carats) has a value of 13.0 2 0.6%~ (two analyses), which is suggestive of an origin in Afghanistan. Mines located in the Pansher valley in Afghanistan contain emeralds having S'80 values ranging from 13.2 and 13.9%~ (4). These Afghan mines were mapped by the Soviets in 1976, but the ¿PO value of old mine emerald OM451 shows that these mines were already exploited at least as early as the 18th century.
The S180 values of old mine emeralds thus indicate that in the 17th and 18th centuries A.D., famous treasures found today in India, in the Topkapi Sarayi Palace and in the Markazi Bank, were constitued not only from New World stones (probably constituting the dominant fraction) but also, as previously proposed, from old Asian emeralds.
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The mineralogical and gemological data that are normally used to determine the origin of natural emeralds are the optical features (refractive indices and birefringence), density, adsorption spectra (ultraviolet and near-infrared), intemal characteristics (growth phenomena and solid and fluid inclusions), and the chemical composition.
However, the diagnostic value of these data is often restricted. because there may be an overlap for emeralds originating from different localities. On the other hand, the combination of mineralogical and gemological properties can be used, in many cases, to accurately identify emeralds from specific localities. Sometimes, even certain isolated data are highly characteristic For example, emeralds from the Brazilian deposi& of Salininha and Santa Terezinha, as well those from central Nigeria, can be identified by their spectroscopic data.
